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Abstract
We examined notch signaling molecules, notch1 and
Jagged1, in serial large cases of typical solid/multicys-
tic ameloblastoma. In general, notch positive staining
products were frequently detected in the cytoplasms of
the  cells.  In  the  same  cells,  Jagged  positive  staining
were also frequently observed, while only occasionally
positive in peripheral cells, especially in cuboidal cells.
the results showed that these morphogenesis regula-
tion factors are closely related to cytological differenti-
ation in neoplastic cells of ameloblastoma. the notch
and Jagged positive-cell ratios were frequently positive,
and the ratios were nearly the same between the varied
histopathological,  cytological  patterns.  However,  the
less-differentiated  cells  were  fewer  in  number  than
that of well-differentiated cells.
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IntRoDuctIon
ameloblastoma is a benign but locally invasive poly-
morphic neoplasm consisting of proliferating odonto-
genic epithelium, which usually has a follicular or plexi-
form pattern lying in a fibrous stromal tissue [1]. there
are  four  basic  histopathological  variations:  1) solid/
multicystic; 2)extraosseous/peripheral; 3)desmo  plastic;
and 4) unicystic. Regarding the solid/multicystic type,
there are two basic histopathological patterns, the fol-
licular and plexiform. the follicular pattern consists of
islands of odontogenic epithelium within the fibrous
stromal tissue. the peripheral cells of these islands are
columnar, and hyperchromatic, and they are lined up in
a palisaded fashion [1]. 
notch molecules act as implementation of differen-
tiation,  proliferation,  and  developmental  processes.
Furthermore, notch activity causes association with a
wide range of developmental disorders of neoplastic
cytological differentiation [2-4]. Kumamoto and ohki
[5] have studied notch signaling molecules using serial
cases of ameloblastoma. We have also examined some
ameloblastomas  [6-10]  and  other  types  of  odonto-
genic neoplasms, such as odontogenic myxoma, squa-
mous  odontogenic  tumor,  calcifying  cystic  odonto-
genic tumor, and calcifying epithelial odontogenic tu-
mor [11-14]. In our serial examinations, we have no-
ticed different features of notch expression patterns
in ameloblastomas, when comparing our data with that
of Kumamoto and ohki [5]. therefore, in this paper,
we  re-examined  notch  signaling  molecules  in  serial
large cases of solid/multicystic ameloblastoma.
MatERIalS anD MEtHoDS
the surgical materials of ameloblastoma examined in
this  study  were  obtained  from  operations,  and  diag-
noses  were  carried  out  at  the  Department  of  oral
Pathology,  aichi  gakuin  university  School  of  Den-
tistry, nagoya, Japan. We chose a total of 50 cases of
ameloblastoma from the recorded surgical files, and the
50 cases were histopathologically re-examined. a total
of 40 cases of typical solid/multicystic amelo  blastoma
[1] were selected. the summarized clinical data of se-
lected 40 cases of surgical material are shown in table
1. Male 24, female 16; maxilla 4, mandible 36, total 40;
and these mean age is 27.6 years old.
Immediately after removal, the surgical materials were
fixed in 10 % neutral buffered formalin solution.  the
specimens were then dehydrated through a series of
ethanols, and embedded in paraffin.  after sectioning,
the series specimens were examined by histopathologi-
cal (HE) methods.
after  histopathological  examination,  we  examined
on the distribution of transcription factors of notch1
and  Jagged1  by  immunohistochemical  (IHc)  tech-
niques.  IHc  examination  was  carried  out  using  a
DaKo EnVisiontM+Kit  (Dako  cytomation,
glostrup, Denmark) with the following 2 antibodies:
notch1 rabbit polyclonal antibody (ab27526, abcam
plc, cambridge; dilution: 1/1000; 4ﾰc, overnight) and
Jagged1  rabbit  polyclonal  antibody  (ab7771,  abcam
plc, cambridge; dilution: 1/500; 4ﾰc, overnight). as
pre-treatment of immunohitochemical staining using
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Table 1. Summary of Surgical Materials Examined.
Age Sex Location
Mean  27.6 Male     24 Maxilla      4
Female 16 Mandible 36
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(120ﾰc,  10min)  for  notch  and  protease  K  (Room
temp, 2 min) for Jagged were applied. Diaminoben-
dizine (Dab) was applied for the visualization of IHc
activity and counter staining was carried out by hema-
toxylin.  We  included  IHc  staining  using  phosphate
buffered saline in place of the primary antibody as a
negative control.
For the objective rating of the immunohistochem-
istry, the observation points were divided into the fol-
lowing: 1) peripheral cuboidal cells of nests, 2) periph-
eral columnar cells of nests, 3) central reticular cells of
nests, 4) central squamous cells of nests, and 5) stro-
mal fibroblasts. Each case of above-mentioned classi-
fication was measured. those one with positive reac-
tion regardless of dye strength were assumed to be
positive. the number of positive cells was totaled, and
the ratio of the number of positive cells to the total of
the object cells of the strong enlarged image by a light
microscope  was  assumed  to  be  the  cS-index.  the
mean value of -: negative, 0% cells; +: occasionally
positive, less than 25% cells; ++: frequently positive,
25%-70% cells; and +++: almost positive, grater than
70% cells, was calculated by each cS-index of the cas-
es examined.
the study was approved by the Ethics committee
(Endorsement  number  #179,  Date:  May  29,  2009),
School of Dentistry, aichi gakuin university.
RESultS
Histopathologically, the tumor cell nests of ameloblas-
toma were proliferated in the stromal fibrous tissues.
the growth pattern of these cell nests showed some
follicular and some plexiform structures (Fig.1-a,b, c).
the  former  consisted  of  islands  of  odontogenic
epithelium.  typically,  the  peripheral  layered  cells  of
these cell nests were columnar or cuboidal, hyperchro-
matic, and lined up in a palisade fashion. the periph-
eral layered cells resembled internal dental epithelium
or  preameloblasts.  the  central  cells  were  loosely
arranged,  showing  stellate  reticulum.  these  nests
sometimes  became  cystic  formations.  Furthermore,
the  central  cells  sometimes  showed  the  cytological
change of squamous metaplasia.
the latter contains columnar and/or cuboidal cells
arranged in anastomosing strands/cords with incon-
spicuous stellate reticulum cells.
through immunohistochemical observation, there-
fore, we described each case using the following crite-
ria. a summary of the immunohistochemical examina-
tion  ratings is shown in table 2.
1)  Peripheral  cuboidal  cells  of  nests:  In  general,
notch positive staining products were detected in the
cytoplasms of the cells in frequently. In the same cells,
Jagged-positive  cells  were  occasionally  positive,  but
less so than notch-positive cells.
2) Peripheral columnar cells of nests: notch posi-
tive  cells  were  observed  in  the  cytoplasm  of  most
columnar cells, but Jagged was frequently detected in
the cells.
3) central reticular cells of nests: the central retic-
ular cells showed frequently positive to both of notch
and Jagged.
4)  central  squamous  cells  of  nests:  both  notch-
and Jagged-positive cells were frequently detected in
the squamous cells, as observed acanthomatous meta-
plastic cells, but negative and/or not detected in the
keratinizing cells.
5)  Stromal  fibroblasts:  notch  positive  stromal  fi-
broblasts were frequently scattered in the tissues, but
Jagged was occasionally positive, as observed slightly
less than notch.
6)  Special  findings:  Regarding  the  peripheral
cuboidal cells located in the strands and/or cords pat-
tern regions of the follicular nests, both notch and
Jaggeed were mostly negative, but both positive in the
peripheral columnar cells of the typical follicular nests
(Fig. 1-D, g). on the other hand, both the notch and
Jagged positive stainings were detected frequently in
the central area, but Jagged stainings were occasionally
positive, slightly less so than notch in the peripheral
layers (Fig. 1-E, H). on occasion, squamous cells, such
as acanthomatous cells and keratinizing cells, were ob-
served.  the  acanthomatous  squamous  cells  showed
frequently positive (Fig. 1-F, I), but they were not de-
termined in the keratinizing squamous cells.
DIScuSSIon
ameloblastoma is one of typical odontogenic benign
neoplasm arising from epithelium of the odontogenic
apparatus and its remnants. Histopathologically, there
are some histopathological variations in the same neo-
plasm. Heikinheimo et al. (2002), reported the identi-
cal  genetic  and  molecular  alterations  in  epithelial
odontogenic neoplasms [5], based on data from gene
expression in fresh-frozen ameloblastomas and human
fetal tooth germs, using a cDna microarray. thirty-
four genes exhibited significant changes in expression
levels in ameloblastomas. Eleven genes were over-ex-
pressed more than three-fold, and 23 genes were un-
der-expressed to below 0.4 of the control level. Some
oncogenes were the most over-expressed. SHH gene,
tRaF3, cDH12 and 13, tDgF1, and tgFβ1 were
under-expressed. the gene expression profile identi-
fies candidate genes that may be involved in the origi-
nation of ameloblastoma and several genes previously
unidentified in relation to human tooth development.
therefore, it is necessary to examine the expression
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Table 2. Rating of cS-index of notch1 and Jagged1.
Notch1 Jagged1
Peripheral cells
cuboidal cells ++ +
columnar cells +++ ++
central cells
Reticular cells ++ ++
Squamous cells ++ ++
Stromal fibroblasts ++ +
negative, 0% cells;  +: occasionally positive, less than 25%
cells; ++: frequently positive, 25%-70% cells;  +++: almost
positive, greater than 70% cells
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Fig. 1. Histopathological (a,b,c), and immunohistochemical features of notch1 (D,E,F) and Jagged1 (g,H,I). Magnification
X100. a: case #20, 21-year-old male, mandible; b, c, F, g, I: case #22, 22-year-old, male, mandible; D, E, H: case #5, 20-
year-old male, mandible.
3) Kawakami T_Umbruchvorlage  03.06.11  17:15  Seite 255profiling  of  the  localization  in  ameloblastomas  to
compare  it  with  its  physiological  counterpart,  tooth
germ.
Previously, we have examined the odontogenic neo-
plasms and compared then with tooth development re-
garding regulation factors [6-14], and have published
our examination results [6-14] regarding of  odon  -
togenic neoplasms, especially for the relation between
cytological differentiation in neoplastic cells and their
physiological counterparts, tooth germ cells [16-18].
notch is an evolutionarily-conserved pathway that
plays a crucial role in cell fate determination in a vari-
ety of tissue types during embryonic developments as
well as postnatally [19,20]. notch activity affects the
implementation of differentiation, prolifereation, and
apoptotic  programs  to  control  a  broad  spectrum  of
developmental processes, such as neurogenesis, somi-
togenesis, hematopoiesis, vasculogenesis, keratinocyte
growth/differentiation and craniofacial development,
including  tooth  development  [2].  In  the  craniofacial
region,  mandibular  condylar  development  is  one  of
important  features;  accordingly,  we  have  examined
notch related factors in this region [21-23]. In neo-
plastic conditions, such factors are also related to the
cell differentiation [24,25]. therefore, we have also ex-
amined some odontogenic neoplasms, such as benign
and malignant ameloblastoma and its subtypes [6-10],
ameloblastic  fibroma,  odontogenic  myxoma  [11],
squamous  odontogenic  tumor  [12],  calcifying  cystic
odontogenic  tumor  [13],  and  calcifying  epithelial
odontogenic tumor [14]. In the above mentioned pub-
lished papers, we observed the expression localization
of notch and related molecules. the potential role of
notch  signaling  is  the  development  and  cytological
differentiation of odontogenic neoplasms which has
gained attention due largely to our above mentioned
examination results. our preliminary findings suggest
that notch1 plays some roles in the cytological differ-
entiation and acquisition of tissue-specific characteris-
tics  of  neoplastics  of  neoplastic  epithelial  cells  in
these odontogenic epithelial neoplasms [6-10, 12-14],
but not in the odontogenic myxoma [11]. 
Kumamoto and ohki (2008) looked at notch sig-
naling molecules in human 9 tooth germ and 32 serial
cases of ameloblastoma [5]. In the literature, tooth de-
velopment is reported to be genetically controlled by
regulatory  molecules  [2].  In  mouse  molar  teeth,  ex-
pression  of  notch1  mRna  has  been  detected  in
odontogenic  epithelium  and  has  been  shown  to  be
transient in inner enamel epithelium at the early bell
stage, but to become barely detectable in differentiat-
ing  ameloblasts  [2].  Jagged1  is  first  expressed  in  all
cells of odontogenic epithelium, and transient upregu-
lation in odontogenic mesenchymal tissues correlates
with  down  regulation  of  expression  in  odontogenic
epithelium  [3].  mRna  expression  of  notch1  and
Jagged1 were detected in human tooth germs at the
initial stage of crown mineralization, and it was con-
cluded that notch signaling participates in tooth de-
velopment by regulating the differentiation of odonto-
genic cells [5]. 
In  the  literature  [5],  ameloblastomas  showed  ex-
pression  of  notch1  in  central  polyhedral  neoplastic
cells, but not in the keratinizing cells of acanthoma-
tous  ameloblastomas.  Jagged1  was  also  observed  in
central cells. Furthermore, notch1 was also weakly de-
tected in the stromal connective tissues. In compari-
son  with  our  present  results,  we  obtainly  nearly  the
same results, but there were some differences, espe-
cially in the expression localization of squamous cells.
as Kumamoto and ohki showed that the keratinizing
cells reacted negative, but our squamous cell showed
positive. We think the difference is in the cell stages:
the former keratinizing cells showed the final stage of
the cells, the ratter squamous cell showed the pre final
stage of the cells. In fact, there are positive stainings
are detected in the acanthomatous cells in the litera-
ture of Kumamoto and ohki [5].
Furthermore,  in  the  present  examination,  we  de-
tected the localization pattern of neoplastic cells. as
observed in the results, notch1 expression was clearly
localized in the cell differentiation sites of the neo-
plasm.  In  the  periphery  of  the  ameloblastoma  cell
nests, the expression cell number in the columnar cells
was more than that in the cuboidal cells. In the central
cells of ameloblastoma cell nests, we thought the ex-
pression localization moved to the central area of the
nests,  according  to  the  differentiation.  the  features
appeared strongly in the Jagged1 expression.
In summary, the results showed that these morpho-
genesis regulation notch and related factors are close-
ly  related  to  cytological  differentiation  in  neoplastic
cells of ameloblastoma. the notch and Jagged posi-
tive-cell ratio was frequently positive, and was nearly
the same between the varied histopathological, cyto-
logical patterns; however, the less-differentiated cells
were slightly fewer in number that that of well-differ-
entiated cells.
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